BACKGROUND/OBJECTIVES: Bariatric surgery produces robust weight loss, however, factors associated with long-term weight-loss maintenance among adolescents undergoing Roux-en-Y gastric bypass surgery are unknown. SUBJECTS/METHODS: Fifty adolescents (mean ± s.d. age and body mass index (BMI) = 17.1 ± 1.7 years and 59 ± 11 kg m − 2 ) underwent Roux-en-Y gastric bypass surgery, had follow-up visits at 1 year and at a visit between 5 and 12 years following surgery (Follow-up of Adolescent Bariatric Surgery at 5 Plus years (FABS-5+) visit; mean ± s.d. 8.1 ± 1.6 years). A non-surgical comparison group (n = 30; mean ± s.d. age and BMI = 15.3 ± 1.7 years and BMI = 52 ± 8 kg m − 2 ) was recruited to compare weight trajectories over time. Questionnaires (health-related and eating behaviors, health responsibility, impact of weight on quality of life (QOL), international physical activity questionnaire and dietary habits via surgery guidelines) were administered at the FABS-5+ visit. Post hoc, participants were split into two groups: long-term weight-loss maintainers (n = 23; baseline BMI = 58.2 kg m − 2 ; 1-year BMI = 35.8 kg m ) and re-gainers (n = 27; baseline BMI = 59.8 kg m − 2 ; 1-year BMI = 36.8 kg m − 2 ; FABS-5+ BMI = 48.0 kg m − 2 ) to compare factors which might contribute to differences. Data were analyzed using generalized estimating equations adjusted for age, sex, baseline BMI, baseline diabetes status and length of follow-up. RESULTS: The BMI of the surgical group declined from baseline to 1 year (−38.5 ± 6.9%), which, despite some regain, was largely maintained until FABS-5+ (−29.6 ± 13.9% change). The BMI of the comparison group increased from baseline to the FABS-5+ visit (+10.3 ± 20.6%). When the surgical group was split into maintainers and re-gainers, no differences in weight-related and eating behaviors, health responsibility, physical activity/inactivity, or dietary habits were observed between groups. However, at FABS-5+, maintainers had greater overall QOL scores than re-gainers (87.5 ± 10.5 vs 65.4 ± 20.2, Po 0.001) and in each QOL sub-domain (P o0.01 all). CONCLUSIONS: Long-term weight outcomes for those who underwent weight-loss surgery were superior to those who did not undergo surgical treatment. While no behavioral factors were identified as predictors of success in long-term weight-loss maintenance, greater QOL was strongly associated with maintenance of weight loss among adolescents who underwent Roux-en-Y gastric bypass surgery surgery.
INTRODUCTION
Adolescents with severe obesity are an expanding population with many serious comorbid conditions that accompany their excess adiposity. 1, 2 Unfortunately, treatment options producing meaningful and sustainable weight loss in this population are limited. [3] [4] [5] Bariatric surgery leads to robust weight loss accompanied by cardiometabolic improvements among adolescents with severe obesity. [6] [7] [8] [9] However, long-term outcomes of bariatric surgery in adolescence have rarely been reported and factors driving sustainability of weight loss in adolescents are unknown. Understanding more about the long-term effects of bariatric surgery used in adolescence is of paramount importance to better inform clinicians, patients and their families, researchers and insurance providers.
In adults with obesity, bariatric surgery results in substantial heterogeneity in weight-loss outcomes and the ability to maintain the nadir weight-loss acheived. 10, 11 Pre-operative factors such as sex, 12 ethnicity, 13 baseline weight, 11, 14 physical activity levels 15 and eating behavior phenotypes 14 have all been identified as important variables which may explain variability in weight-loss outcomes for adults. In addition, several post-operative behavioral factors have been shown to influence weight-loss outcomes.
These factors include adherence to food intake guidelines such portion size, 16, 17 physical activity and inactivity 18 and selfweighing. 17 Whether these post-operative factors influence weight-loss maintenance in the post-bariatric surgery setting among adolescents has yet to be examined.
The primary goal of this analysis was to examine whether selfreported, post-operative factors related to eating behaviors, physical activity patterns, health-related behaviors, family responsibility and weight-related quality of life (QOL) were associated with long-term weight-loss maintenance among adolescents with severe obesity whom underwent bariatric surgery. Importantly, we additionally examined weight trajectories over the same time-course in a nonsurgical comparison group in order to better understand the longterm weight characteristics of those adolescents who undergoing surgery versus those who opt for other treatments. Center. Early outcomes 19 and long-term outcomes of surgery in this cohort have been previously described. 20 To conduct long-term follow-up assessments, the Follow-up of Adolescent Bariatric Surgery at 5 Plus years (FABS-5+) extension study was designed. FABS-5+ study staff located, recruited and prospectively conducted a one-time, long-term study visit with this cohort. Inclusion criteria for FABS-5+ consisted of: any individual ⩽ 21 years of age who underwent bariatric surgery at this institution between May 2001 and February 2007 and exclusion criteria consisted of anyone unable to complete self-report forms due to developmental delay or death prior to long-term study visit.
MATERIALS AND METHODS

Data collection of the surgical cohort
Long-term follow-up study data were gathered by clinical research coordinators either at the Medical Center or in the participant's home. For participants who chose to have a home visit, a trained examiner from Examination Management Services, Inc. (Dallas, TX, USA) conducted visits. None of the long-term follow-up data were collected by members of the bariatric clinical treatment team. All data were obtained by direct measurement or obtained by a structured health interview. Height was measured to the closest 1.0 mm in standing position. Weight was measured in light clothing to the nearest 0.1 kg on an electronic scale (Tanita model TBF-310, Tokyo, Japan). Baseline and 1-year post-operative data (anthropometric, clinical features, biochemical measures and questionnaires) were obtained by merging data from prior research databases or by abstraction from clinical records. Study procedures were approved by the Cincinnati Children's Hospital Medical Center Institutional Review Board.
Comparison cohort
To compare the weight trajectories over time, a non-surgical comparison group was recruited from the multi-component, family-based PWM (pediatric weight management) program at CCHMC (Cincinnati Children's Hospital Medical Center). This group was comprised of 30 treatmentseeking adolescents with severe obesity who completed an initial medical assessment from December 2001 to December 2007. The PWM program at CCHMC for youth with overweight and obesity is designed to provide ongoing follow-up care by a multi-disciplinary team. The initial treatment phase was 4-6 months and offered follow-up visits every 2 weeks, with ongoing monthly follow-up visits thereafter. Treatment components included nutrition counseling, group exercise sessions and behavior intervention therapies to improve eating habits and level of physical activity. However, participation by this cohort in CCHMC's PWM was limited, with only 16 (60%) of patients completing a follow-up visit at 6 months, and 8 (27%) at 12 months. Therefore, exposure to a medically supervised PWM program for this cohort was limited, with 14 (40%) of patients receiving no follow-up care for weight management during the 12 months post-baseline evaluation.
Comorbidity definitions
The diagnosis of diabetes mellitus at baseline was established by referring physician study investigators confirmed the diagnosis with corroborating clinical data taken from individual chart review. Confirmation included review of medication use for diabetes, HbA1c and fasting blood glucose analyses, and prior medical records from referring primary care physician and/or endocrinologist. At long-term follow-up, diabetes was defined as either taking medications for diabetes, or HbA1c ⩾ 6.5%, or if HbA1c was not available, by fasting glucose ⩾ 7 mmol l − 1 , or if laboratory values were unavailable, by self-report during the structured health interview.
Hypertension at baseline and follow-up was defined as systolic blood pressure or diastolic blood pressure ⩾ 95th percentile for sex/height or if systolic blood pressure or diastolic blood pressure were ⩾ 140 mm Hg or ⩾ 90 mm Hg, respectively, or if medication was used for control of blood pressure.
Dyslipidemia was defined at baseline and follow-up as having either an elevated low-density lipoprotein cholesterol level (⩾ 3.36 mmol l 
Questionnaires
Health behaviors and expectancies questionnaire. The health behaviors and expectancies questionnaire was developed and piloted as part of a post-graduate research project (unpublished). Questions were based on critical review of the bariatric literature in conjunction with health beliefs and locus of control and were reviewed by an expert panel prior to dissemination. Prospectively questionnaires were collected only at the FABS-5+ visit in order to examine current behaviors with weight-loss maintenance. Participants completed a questionnaire developed to capture three domains specific to adolescent bariatric surgery: (1) weight-related behaviors; (2) eating behaviors; (3) family health responsibility (for example, whether primary health responsibilities are attributed to parents or to adolescent undergoing surgery). A list of questions for each domain can be found in Supplementary Appendix 1 with a distribution of responses and how the questionnaires were scored. In brief, composite scores were calculated with higher scores of weightrelated behavior indicating worse behaviors, higher scores of eating behavior indicating worse behaviors and negative scores of health responsibilities indicate responsibilities being more attributable towards parents than adolescents. Participants were also asked about their longterm adherence to dietary guidelines given to them by the bariatric team. Example: eating 60+ grams of protein per day or limiting volume of solid food to 1.5 cup per meal. Adherence to guidelines was classified into three categories: (1) Ideal: those who followed the recommendations on 5 out of 7 days per week; (2) Okay: followed some but not all recommendations most days of the week; (3) Poor: have not followed recommendations within the past 6 months. For analysis 'ideal' and 'okay' were combined and compared with 'poor'.
Weight-related quality of life. Participants completed the Impact of Weight on Quality of Life-Lite instrument which is a validated, 31-item, self-report measure of obesity-specific QOL. 21 In addition to an overall score for weight-related QOL, scores of the five sub-domains were reported: Physical Function, Self-esteem, Sexual Life, Public Distress and Work.
International physical activity questionnaire. The international physical activity questionnaire was scored and participants were classified into three standard categories: 22 (1) Inactive: individuals who do not meet criteria for minimally active or health-enhancing physical activity are considered 'insufficiently active'; (2) Minimally active: meeting one of the three following criteria: (a) ⩾ 3 days of vigorous activity of at least 20 min per day or (b) ⩾ 5 days of moderate-intensity activity or walking of at least 30 min per day or (c) ⩾ 5 days of any combination of walking, moderateintensity or vigorous-intensity activities achieving a minimum of at least 600 MET (metabolic equivalent of task)-min per week; (3) Healthenhancing physical activity: individuals who exceed the minimum public health physical activity recommendations, and are accumulating enough activity for a healthy lifestyle. This includes: (a) vigorous-intensity activity on at least 3 days achieving a minimum of at least 1500 MET-minutes per week or (b) 7 or more days of any combination of walking, moderateintensity or vigorous-intensity activities achieving a minimum of at least 3000 MET-minutes per week. Physical inactivity and screen time were also examined using ancillary questions using a 30 day recall of average time spent in sedentary activities.
Post-surgical weight-loss maintainers and re-gainers. To examine the difference between those able to maintain their post-surgical weight loss and those who gained back a proportion of their weight, adolescents were classified as maintainers if percent change in body mass index (BMI) from baseline to FABS-5+ visit was within 20% of the original change in BMI from baseline to the 1-year follow-up visit. For examples and further data on different percent cut-points (that is, 5, 10, 15% and so on) refer to Supplementary Appendix 2.
Statistical analysis
Descriptive characteristics of the comparison and surgical cohort were calculated with mean (s.d.) or N (%). Differences between maintainers and re-gainers were evaluated using generalized estimating equations adjusting for age, sex, baseline BMI, baseline diabetes status and follow-up time length with robust variance estimation for confidence intervals and P-values and to account for the longitudinal nature of our data. All analyses were conducted in R v3.2.3. 23 Table 1 shows baseline (pre-operative) characteristics of the surgical and comparison (non-surgical) group. The primary purpose of the non-surgical comparison group was to provide a reasonably well-matched group of treatment-seeking, adolescents with severe obesity to compare weight trajectories over time. Despite attempts to recruit a similar comparison group, baseline differences were apparent as the surgical group tended to be older, heavier, were more likely to be diabetic and have prehypertension or hypertension. Table 2 displays the follow-up time and change in weight and BMI among the surgical and comparison group. Overall the mean follow-up time was similar between groups, 8.1 ± 1.6 and 7.3 ± 2.1 years, respectively. The surgical group showed a mean percent change in BMI from baseline to 1 year of − 38.5 ± 6.9%. From baseline to FABS-5+ the mean percent change in BMI for the surgical group was − 29.6 ± 13.9% due to mean weight regain (percent change in BMI) between 1 year and FABS-5+ of +14.9 ± 22.1%. The comparison group showed an increase in percent BMI from baseline to FABS-5+ of +10.3 ± 20.6%.
RESULTS
Owing to the heterogeneity in weight regain from 1 year to FABS-5+ the surgical group was divided post hoc into two groups (Figure 1 ): surgical maintainers (n = 23) and re-gainers (n = 27). The maintainer and re-gainer groups displayed similar features of follow-up time, baseline BMI and change in BMI from baseline to 1 year. However, the maintainer group continued to reduce their BMI from 1 year to FABS-5+ (−2.9 ± 10.9%) in comparison to the regainers (+30.1 ± 17.3%). Despite regaining a proportion of the lost weight, the re-gainers still showed a mean percent change in BMI from baseline of − 20.1 ± 10.5%. Figure 2 shows the obesity status (BMI based) distribution at the FABS-5+ visit for the surgical group overall was as follows: normalweight 1/50 (2%), overweight 9/50 (18%), class 1 obesity 7/50 (14%), class 2 obesity 8/50 (16%), class 3 obesity 25/50 (50%); for the non-surgical comparison group: normal-weight 0/30 (0%), overweight 0/30 (0%), class 1 obesity 1/30 (3.3%), class 2 obesity 2/30 (6.7%) and class 3 obesity 27/30 (90%); surgical re-gainers: normal-weight 0/27 (0%), overweight 1/27 (3.7%), class 1 obesity 1/27 (3.7%), class 2 obesity 5/27 (18.5%) and class 3 obesity 20/27 (74.1%); surgical maintainers: normal-weight 1/23 (4.3%), overweight 8/23 (34.8%), class 1 obesity 6/23 (26.1%), class 2 obesity 3/23 (13%) and class 3 obesity 5/23 (21.7%).
To test the hypothesis that weight-related and eating behaviors, health responsibilities and weight-related QOL would differ among surgical maintainers and those who regained weight after the first year, we dichotomized the surgical group by weight regain status and analyzed patient reported outcomes at the FABS-5 visit. Table 3 shows the adjusted mean differences (adjusted for age, sex, baseline BMI, baseline diabetes status and follow-up time length) between groups. No statistically significant differences were observed between groups for weight-related behaviors, eating behaviors, or health responsibilities (P40.05 for all). However, the maintainers reported greater overall weightrelated QOL and higher scores in each weight-related QOL subscale (Physical Function, Self-esteem, Sexual Life, Public Distress and Work) as compared with those who regained weight over the long term beyond 1 year (P o0.01 all). The results did not differ in unadjusted analysis. Although the composite scores of the healthrelated behaviors were not statistically different between maintainers and re-gainers; re-gainers were more likely to consume 41.5 cups of food in any given meal and more likely to eat when bored (P o 0.01 all; Supplementary Appendix 3). We also noted sex and baseline BMI to be associated with differential outcomes in terms of QOL (Supplementary Appendix 4). Males had higher selfesteem QOL than females (P = 0.026) with a trend toward higher overall QOL (P = 0.118) and public distress QOL (P = 0.121). Males also had greater odds of computer use outside of work/school for 2+ hours than females (P = 0.058) and a trend towards greater physical inactivity (P = 0.151). Higher BMI at baseline was associated with worse health responsibilities (P = 0.007), lower physical function QOL (P = 0.010) and lower public distress QOL (P o 0.001). No significant association between baseline BMI and physical activity/inactivity was observed. Factors in post-surgical weight-loss maintenance in teens
We additionally examined whether differences in physical inactivity and adherence to dietary recommendations from the bariatric team were present between groups (Table 4) . In adjusted analysis, we observed no meaningful difference between surgical maintainers and re-gainers for physical inactivity or adherence to dietary recommendations. The results remained unchanged in unadjusted analysis.
CONCLUSION
To our knowledge this is the first study to examine factors associated with long-term weight-loss maintenance among adolescents receiving Roux-en-Y gastric bypass surgery. We observed a high degree of weight-loss maintenance, with nearly half of participants maintaining within 20% of their nadir weightloss achieved. Despite some degree of heterogeneity in weightloss maintenance following bariatric surgery, long-term weight outcomes in participants with severe obesity who underwent surgery were superior to a non-surgical comparison group.
Although we expected to observe an association between lifestyle/behavioral factors and success in long-term weight loss, no statistically significant behavioral predictors were found, though some physical activity and dietary habits appeared to be different between re-gainers and maintainers. These differences observed would be large enough to be of interest if we had more precision in our estimates with a larger study needed in order to confirm. Interestingly, those participants who did maintain weight loss reported significantly greater weight-related QOL overall and in each sub-domain of weight-related QOL.
Contrary to what has been observed in adults, 18, 24 we did not observe statistically significant associations of physical activity levels or sitting-time with weight-loss maintenance despite there being potentially meaningful mean differences between groups. The majority of participants, similar to adults, 25 were highly inactive and sedentary, regardless of group assignment. The adult literature is inconclusive as to whether exercise-focused interventions can improve weight-loss outcomes after bariatric surgery, with some studies showing greater weight loss and maintenance, 26, 27 whereas other studies showing no changes in body composition. 28 Despite this, exercise interventions in adults following bariatric surgery have demonstrated effectiveness at improving fitness and insulin sensitivity. 28, 29 Whether postbariatric lifestyle-focused interventions can improve health and weight outcomes among adolescents has yet to be explored.
Despite the lack of association between dietary behaviors and weight-loss maintenance on the whole, we did observe some potentially meaningful differences between groups in specific questions: portion size and eating while bored, which could have contributed to our findings. Mitchell and colleagues, in a large cohort of adults undergoing bariatric surgery found that three modifiable behaviors (self-weighing, not eating when full and lack of eating continuously) were associated with more favorable weight change 3 years after bariatric surgery. 30 While we did not measure self-weighing habits, we did observe adherence to a portion size of o 1½ cups per meal (for example, not eating when full) and being less likely to eat while bored (for example, lack of eating continuously) associated with those who maintained weight loss versus those who gained. Whether modification of these specific behaviors might lead to greater weight-loss maintenance requires further study.
We observed no association between health responsibilities (that is whether primary health responsibilities fall under the control of parents or adolescents responsibilities) and weight-loss maintenance. Health responsibility shifted towards being placed upon participants rather than parents among both surgical maintainers and re-gainers across time, as expected, as teens Factors in post-surgical weight-loss maintenance in teens JR Ryder et al transitioned to early adulthood. Whether the similarities in transition of those responsibilities from parent to adolescent might may have accounted for the lack of association between groups was an able to be determined from this study. Weight-related QOL has been previously shown to be substantially impaired in adolescents with severe obesity prior to undergoing bariatric surgery compared to youth with normalweight, overweight and obesity. 31 Comparing the present study with values previously reported in similar populations, the weightrelated QOL values observed in the surgical re-gainers are similar to the pre-operative bariatric youth with severe obesity, by contrast the weight-related QOL values of maintainers were similar to that of youth with obesity and overweight. Of additional interest, males tended to have higher overall QOL than females, particularly in the self-esteem domain. Whether these sex differences influenced outcomes or is suggestive of females requiring more intensive social support and behavioral modification post-surgery is worthy of investigation. Higher baseline BMI was also predictive of worse physical function and public distress QOL at FABS-5+, suggesting that even with robust weight loss provided by bariatric surgery issues due to very high BMI prior to surgery persist. We were unable to determine if the higher QOL is a byproduct of weight-loss success or if improving weight-related QOL is a mechanism for achieving weight-loss maintenance, though this deserves further investigation.
The strengths of this study include the long duration of followup and direct anthropometric measurement and structured health interviews by trained staff. Limitations include the relatively homogenous population (high female and white representation), which hampers generalizability, and the fact that measures of lifestyle and behavior characteristics were available only at the long-term follow-up visit, precluding us from examining changes over time and addressing whether baseline characteristics predicted weight-loss maintenance. Further the measures of diet and physical activity were based on self-report rather than objective data and as such are subject to reporter bias. Owing to the prospective nature of the study we were unable to reliably compare lifestyle and behavioral characteristics between the surgery and comparison groups.
Understanding factors contributing to long-term weight-loss maintenance in the post-bariatric surgery setting is vital in order for clinicians to provide patients and their families with tools necessary to achieve long-term weight success. Other than weight-related QOL, portion size and eating while bored, for the majority of lifestyle and behavioral characteristics measured we were not able to discern an association with long-term weight-loss maintenance. Future work to elucidate modifiable behavioral and lifestyle characteristics predictive of long-term weight-loss maintenance among adolescents undergoing bariatric surgery should be a priority.
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